Background and Purpose-Parity appears to be associated with carotid atherosclerosis in women aged 45 years and older.
T
here is an emerging body of literature examining the association between parity and cardiovascular disease. The number of pregnancies has been associated with increased risk of cardiovascular disease among women in some studies, 1, 2 with the absence of an association in another. 3 The use of surrogate markers of cardiovascular disease, such as vascular structure or function, may help clarify the relationship between parity and cardiovascular disease due to the long time interval usually present between pregnancy and the onset of clinical cardiovascular events. 4 Such noninvasive measures of total atherosclerotic burden include the presence of carotid plaques and the assessment of carotid intima-media thickness (IMT). Previous studies have generally found an association between parity and carotid atherosclerosis among women. In a cohort of 1200 women, Wolff et al found a U-shaped association, where both nulliparity and 4 or more children were associated with increased carotid IMT in comparison with those women with 1 child. 5 Humphries et al 4 described a weak trend for increasing IMT with increasing parity among over 4000 elderly women and a 10% increase in the risk of having a carotid plaque per live birth. The results of a recent study of 66 women found data suggestive of an association between parity and increasing IMT among women of childbearing age. 6 In contrast to these reports, a recent study by Kharazmi et al 7 described no association between parity and either IMT or presence of plaques after adjustment for age in a populationbased cohort of 746 Finnish women.
With the exception of one smaller study, 6 previous studies have been limited to women aged 45 years and older, or 55 years and older, and thus it remains uncertain as to whether these changes in carotid wall thickness are apparent in younger females. In contrast, there are no reports in the literature of the association between parity and carotid atherosclerosis among men. Studying younger women and men, in addition to older women, will provide important information concerning the etiology of any such associations. Indeed a major advantage in studying both males and females is that the males represent a control group who have been exposed only to child-rearing, and not to childbearing.
Therefore, we studied the association between parity and carotid atherosclerosis (both IMT and the presence of plaques) in a cohort consisting of 750 women and 1164 men, all with at least one traditional cardiovascular risk factor, aged 18 to 80 years of age. We sought to describe the nature of this association, with a particular focus on the roles of childbearing and child-rearing.
Materials and Methods

Population
We studied 750 women and 1164 males, aged 18 to 80 years, referred to an outpatient Centre for Prevention and Detection of Atherosclerosis in Lyon, France, between 1995 and 2000. All patients were referred by a primary care physician on the basis of a diagnosis with at least one cardiovascular risk factor (hypercholesterolemia, hypertension, diabetes, obesity, tobacco smoking, or a family history of cardiovascular disease). All patients provided written informed consent, and the project was undertaken in accordance with French legislation (Huriet law) and institutional guidelines.
Carotid IMT and Presence of Plaques
Carotid IMT was investigated as previously described by ourselves and others. 8, 9 Briefly, high-resolution ultrasound images were obtained of the common carotid arteries in longitudinal section. IMT was assessed in the segment of artery within 1 cm of the bifurcation. The average of both left and right carotid arteries was used for statistical analyses.
The presence or absence of arterial plaques was assessed in the distal portion of the common carotid artery, the carotid bulb, and the proximal portion of the internal carotid artery. Plaques were defined as a focal protrusion into the lumen, or an IMT Ն1.5 mm.
Assessment of Socioeconomic, Lifestyle and Cardiovascular Risk Factors
A structured questionnaire, administered by a study physician, was used to determine parity (assessed as the number of live births for women, and number of children for men), employment and marital status, physical activity, medical history (including hysterectomy and oophorectomy, ever use of oral contraception, and diabetes), menopausal status, current medication use, and smoking status.
Employment status was categorized as unemployed, blue-collar employees, white-collar professionals, and retired. Marital status was categorized as single/never married, married/domestic partnership (outside of marriage), widowed, and separated. Physical activity was categorized into 3 groups according to the number of 20-minute Data presented as mean (SE) unless otherwise stated. P values derived by ANOVA for age, ANCOVA for age-adjusted continuous variables, logistic regression for age-adjusted dichotomous variables, and 2 (Pearson) for multinomial variables. *Adjusted for age. †Ex-smoker category was separated into Յ2 years, Ͼ2 to Յ5 years, and Ͼ5 years categories for statistical analysis. ‡Triglycerides were log transformed for statistical analysis.
sessions of moderate or intense activity per week: (1) high-level physical activity: 3 or more sessions; (2) moderate-level physical activity: 1 or 2 sessions; (3) sedentary: Ͻ1 session. Smoking status was categorized as never smokers, current smokers, ex-smokers who quit within the previous 2 years, ex-smokers who quit 2 to 5 years prior, and ex-smokers who quit more than 5 years prior.
Dietary intake was assessed via a 24-hour dietary recall, assisted by a registered dietitian. An unhealthy diet score was calculated as previous described. 10 This score is a composite dietary score designed to provide a snapshot of dietary health, and is derived from dietary intake of cholesterol, alcohol, percentage energy derived from fat and carbohydrates, and total caloric intake. These components and cut-points are based on European and American dietary recommendations. 11, 12 Blood pressure was measured at rest using an automatic sphygmomanometer. The average of 3 readings was used in these analyses. A venous blood sample was obtained after an overnight fast. Analyses included total cholesterol, HDL cholesterol, triglycerides, glucose and fibrinogen. LDL cholesterol was calculated using the Friedewald equation, 13 except when triglycerides were Ͼ4.52 mmol/L, in which case LDL subfraction was measured directly. A standard 2-hour oral glucose tolerance test was undertaken in 1575 subjects (82%).
Framingham Risk Score
The Framingham risk score was calculated as described previously. 14 This score uses data concerning an individual's blood pressure, total cholesterol, smoking status, HDL cholesterol and diabetes status to estimate the individual's 10 years probability of developing coronary heart disease.
Statistical Analyses
Differences in lifestyle, socioeconomic and cardiovascular risk factors between different parity groups were determined by ANOVA and ANCOVA for continuous variables, logistic regression for age-adjusted dichotomous variables, and 2 (Pearson) for multinomial variables. The association between parity and carotid atherosclerosis was examined using standard logistic and multiple linear regression techniques. Results of logistic regression models are presented as odds ratio (95% CI), and results of multiple linear regression models as unstandardized ␤-coefficient (SE). The residuals of the multiple linear regression models were normally distributed. Modification of the associations between parity and carotid atherosclerosis by age, sex and obesity were examined formally using a test for heterogeneity. 15 All other statistical analyses were performed using SPSS software (version 15.0; SPSS, Chicago, Ill).
Results
The average number of children was similar for women and men (women: 2.07 [SD 1.7], versus men: 2.08 [SD 1.4]). The modal number of children was 2 for both women and men, occurring in 29% and 38%, respectively. A comparison of the age stratified average number of children in this cohort and the population statistics for metropolitan France 16 is shown in the supplemental Figure I , available online at http://stroke.ahajournals.org.
Association of Parity With Lifestyle Factors and Cardiovascular Risk Factors
Lifestyle factors and the prevalence and severity of cardiovascular risk factors, stratified by parity, are shown in Table 1 for  men and Table 2 for women. Briefly, there was a positive association between number of children and adiposity among women, but not men. The number of children was also negatively related to HDL-cholesterol concentration and positively associated with fasting glucose among women.
Association Between Number of Children and Atherosclerosis in Men
There was little evidence for an association between parity and atherosclerosis in males (see Tables 3 and 4) .
Association Between Number of Children and Atherosclerosis in Women
Our data provide evidence for a linear association between the number of children and the prevalence of carotid plaques among women (risk increased by 15% per child; see Table 3 ). Women with 4 or more children had a Ͼ2-fold increased odds of having a carotid plaque. The association between parity and carotid atherosclerosis remained statistically significant after adjustment for cardiovascular risk factors, suggesting that the association is largely independent of these risk factors. The association between parity and carotid atherosclerosis was not altered by adjustment for menopausal status, hysterectomy/ovariectomy, ever use of oral contraceptive pill, 2-hour glucose, or fibrinogen (data not shown).
A formal test for heterogeneity comparing men and women with regards to the association of parity and carotid atherosclerosis after adjustment for age, marital status, employment status, smoking, physical activity, dietary score and waist circumference gave some evidence for the association being stronger among women than men (P Heterogeneity ϭ0.013 for increase in IMT associated with Ն4 children; P Heterogeneity ϭ0.091 for prevalence of carotid plaques associated with the number of children).
Association Between Parity and Atherosclerosis in Women: Modification by Age and Obesity
We then examined whether the association between parity and carotid atherosclerosis in females was modified by age or obesity. There was a strong association between parity and carotid IMT among women in the lowest quartile of age (Յ46.17 years (nϭ180) 
Discussion
The results of the present study show that increasing parity is associated with carotid atherosclerosis in women but not in men among a population with at least 1 risk factor for cardiovascular disease. This association with carotid atherosclerosis was most marked in women with 4 or more children, whose carotid IMT was 0.068 mm greater and whose risk of having a carotid plaque was Ͼ2-fold greater than that of nulliparous women. A difference in common carotid IMT of this magnitude equates to an increase in relative risk for incident stroke or myocardial infarction of approximately 9%. 17 Most of the studies on the association between parity and coronary heart disease have included only women. However, comparisons between men and women distinguish whether the mechanisms for the association between parity and atherosclerosis involve biological processes related to pregnancy or socioeconomic or lifestyle factors that are related to family size and child-rearing. 18 The present study is the first to assess the relationship between the number of children and subclinical atherosclerosis among men. In contrast to women, we observed that among men there was no significant linear association between the number of children and cardiovascular risk factors. These divergent results between men and women support the view that the impact of parity on OR indicates odds ratio. Carotid plaques were characterized as present or absent. Age-adjusted (males nϭ1150, females nϭ738). Adjusted*: adjusted for age, employment status, marital status, physical activity, waist circumference, dietary score, and smoking status (males nϭ1115, females nϭ712). Adjusted †: adjusted as per Adjusted*, plus hypertension, HDL cholesterol, LDL cholesterol, triglycerides and glucose (males nϭ1096, females nϭ708). cardiovascular disease is due to biological effects of childbearing rather than being related to socioeconomic or lifestyle issues related to child-rearing. Considering that the association appears to be related to the biological effects of pregnancy, it would be of interest to evaluate the role of age at the first pregnancy, and also at the final pregnancy, in order to further define this association and identify at-risk individuals.
Previous large studies examining this association have been limited to women aged 45 years and older. We found some evidence that the association between parity and carotid IMT was stronger among the youngest quartile of women (aged 18 to 46 years) than among the oldest quartile of women (aged 61 to 79 years) suggesting that the increased risk is observed early after childbearing, is not restricted to the elderly, and cannot been explained by a survival bias. The association between increased parity and carotid atherosclerosis observed among the youngest group of women is of interest because the prevalence and severity of cardiovascular risk factors is likely to be similar to that present during childbearing years in these women, in contrast to those women aged over 60 years, and the influence of childbearing may be relatively more pronounced than that of child-rearing among younger women.
Several risk factors are associated with parity such as BMI, smoking, socioeconomic status, and impaired glucose control. These factors are generally associated with carotid atherosclerosis, 19, 20 and thus may at least partly mediate the association observed among women. In the present study, increased parity was associated with greater adiposity and a lower level of HDL cholesterol, in agreement with previous reports among older women. 4 Furthermore, other studies have shown lower HDL cholesterol levels in parous women than nulliparous women, with this effect being observed many years after childbirth. 21 These translated into only modest associations between parity and both Framingham risk score and carotid atherosclerosis. However, we controlled for these parameters in the multiple regression analyses, and the association between parity and carotid atherosclerosis appeared to be largely independent of traditional cardiovascular risk factors, including blood pressure, cholesterol, diabetes, obesity, smoking and other lifestyle risk factors. As such, increased parity appears to be an additional risk factor for early atherosclerosis among women, beyond the presence of conventional risk factors.
The biological mechanisms that mediate the association between parity and atherosclerosis remain unclear. Modified exposure to sex steroids during each pregnancy may favor the development of atherosclerosis into later life. However, the role of endogenous sex hormones in the development of atherosclerosis has been debated and remains contentious and poorly defined among women. 22, 23 Repeated pregnancies may also lead to chronic metabolic alterations, such as increased adiposity, insulin-resistance and dysglycemia, which predispose to the formation of atherosclerotic lesions. 4 Adjustment for lipid levels and glycemia did not modify the association between parity and atherosclerotic lesions; however, the association between parity and carotid atherosclerosis appeared to be stronger among obese women than in healthy weight women, implicating weight control in this relationship. Because we did not directly assess insulin-resistance, we cannot exclude that insulin resistance may mediate the observed association in women.
This study cannot directly evaluate the long-term impact of parity on the development of carotid atherosclerotic lesions because of its cross-sectional design. Thus, we cannot draw conclusions on the causality of the link between parity and early atherosclerosis. Furthermore, the cohort studied consists entirely of subjects with at least 1 major cardiovascular risk Two subjects (1 male, 1 female) with outlying residual values were removed from these regression analyses. Age-adjusted (males nϭ1163, females nϭ749). Adjusted*: adjusted for age, employment status, marital status, physical activity, waist circumference, dietary score, and smoking status (males nϭ1127, females nϭ722). Adjusted †: adjusted as per Adjusted*, plus hypertension, HDL cholesterol, LDL cholesterol, log triglycerides and glucose (males nϭ1108, females nϭ718).
factor, and as such presents a population at a high-risk of cardiovascular disease. Although the age-specific average number of children in this cohort is similar to that of the population of metropolitan France, whether the observed associations between parity and atherosclerosis are evident in the general population remains to be determined.
Summary
The present study shows in a large cohort of subjects at risk of cardiovascular disease that an increased number of children is associated with enhanced carotid atherosclerosis in women but not in men. These findings indicate that childbearing, but not child-rearing, may be a risk factor for atherosclerosis, and suggest the potential importance of considering the number of children when assessing the level of cardiovascular risk in women.
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